Cerebral Atherosclerosis in Japanese. I. Age Related to A therosclerosis
• During a period of approximately two years (1965 through 1966) , 717 intracranial cerebral arteries (males and females) were obtained from the medicolegal autopsy cases. Systematic grading of the macroscopic severity of cerebral atherosclerosis was performed and the results were reported. In general, cerebral atherosclerosis appeared as early as the second decade and increased in severity with age, particularly at the fifth decade in males and the sixth decade in females. The prevalence of localization of early and/or severe cerebral atherosclerosis was studied. The results in the present study were not the same as in the previous investigations on Caucasians. The common sites of the severe cerebral atherosclerosis causing marked lumen narrowing were the proximal portion of posterior cerebral arteries, peripheral portion of the middle cerebral arteries, and the vertebral arteries and their fusing site at the basilar artery; the internal carotid artery was the least commonly involved.
In the present study, the influence of sex in the production of cerebral atherosclerosis was suggested, and the simple senescence theory of cerebral atherosclerosis was not supported. The macroscopic severity of cerebral atherosclerosis of Japanese in the present study appeared to be equal to or slightly greater than that in Americans and Norwegians reported by Baker et al.
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• It is reported that cerebrovascular disease is a main cause of death in Japan. The death rate from cerebrovascular disease was 171.6 per 100,000 population in Japan as compared to 106.7 in the U.S.A., while the death rate due to arteriosclerotic heart disease was 51.1 and 319.7, respectively, in 1964. This is very much different from that in most countries with a technologically advanced economy; arteriosclerotic heart disease is the most frequent cause of death.
Cerebrovascular disease is a generic name
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for a number of different entities. It has long been believed that the high mortality rate of cerebrovascular disease in Japan is due more to cerebral hemorrhage rather than to cerebral infarction. However, the accuracy of vital statistics and clinical diagnosis and competence of practitioners must be kept in mind. A recent survey on the incidence of cerebrovascular disease in Japan conducted by Katsuki's group revealed that cerebral thrombosis is equally as important as cerebral hemorrhage among Japanese, and that the incidence of cerebral thrombosis is much higher than that of cerebral hemorrhage in Japan. 1 Similar observations were made by Phair et al. 2 on autopsied cases from Hiroshima and Nagasaki and demonstrated that the presence of occlusive vascular disease as the cause of stroke in Japan does not differ appreciably from that in the United States. The comparative clinical study on cerebrovascular disease between Japanese and Americans demonstrated that the lesions of the smaller cerebral arteries in the Japanese tended to be much more severe than those in the Americans. When cerebral infarction occurs associated with angiographical evidence of 25% or more arterial stenosis, the stenosis is more common in intracranial arteries in Japanese and in extracranial arteries in Americans."
Considering that cerebral thrombosis and coronary arteriosclerotic heart disease may develop on the basis of atherosclerotic or arteriosclerotic lesions in these arteries, it is difficult to understand why, in the Japanese, the incidence of cerebral thrombosis is higher and the incidence of coronary heart disease is lower compared to Europeans and Americans. Various workers have demonstrated that the degree of atherosclerosis of the aorta and the coronary artery from Japanese obtained at hospital autopsy and/or medicolegal autopsy was remarkably less macroscopically as well as in terms of cholesterol content when compared to similar material of Caucasian origin. However, few studies have been conducted on cerebral atherosclerosis of Japanese in a large number of cases. Baker's and Katsuki's group have studied the macroscopic severity of cerebral atherosclerosis in a Japanese and Minnesota population. There appears to be a possible ethnic difference in severity of cerebral atherosclerosis between a Japanese and Minnesota autopsy population in the direction of greater involvement in the Japanese cases. 12 However, there are no reports on cerebral atherosclerosis of Japanese in a medicolegal autopsy study. This paper describes the macroscopic pathology of Japanese intracranial cerebral arteries obtained at medicolegal autopsy and evaluates the macroscopic grading methods by chemical analysis of lipids, minerals and mucopolysaccharides. However, as the extracranial neck vessels were not examined and clinical information was not available concerning this material, the relationships between the clinical evidence of stroke and atherosclerosis of the intracranial and extracranial arteries are not discussed.
Methods
Each year unexpected and/or sudden cases of death are autopsied at the Tokyo Medical Examiner's Office. These include victims who were apparently healthy at the time of death and in whom the cause of death and the past history were unknown, including sudden, traumatic, homicide, and suicide deaths occurring in the Tokyo metropolitan area. The number of such cases in the Office was 2,222 in 1965 and 1,976 in 1966. In the present study, 717 cases were randomly selected from the years 1965 to 1966; autopsies performed more than 24 hours after death were excluded. Intracranial arteries investigated in each instance were the anterior arteries, middle and posterior cerebral arteries, internal carotid artery, circle of Willis, and basilar, vertebral and cerebellar arteries. The method of study has been previously described.
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Scoring
The methods of Gore and Tejada 14 and of Baker 13 were used in recording and grading the macroscopic severity of the atherosclerotic changes. The former method is based on study of the surface area involved at various stages of atherosclerosis, while the latter is based on the degree of narrowing of the arterial lumen. In Baker's method, 28 different sites along the circle of Willis and adjacent major arteries were graded, as described elsewhere. 13 Therefore, in the present study, the greatest degree of atherosclerosis (Baker's score) possible in any single case is 112. All the cases were arbitrarily divided into four groups: (1) those with no changes (Baker's score: 0); (2) those with mild changes (Baker's score: 1 << 10); (3) those with moderate changes (Baker's score: 11 << 20); and (4) those with severe changes (Baker's score: =£ 21) as used by Baker et al. 18 The distribution of cases within these four groups was compared to similar results reported by others.
18 ' lts In order to evaluate the macroscopic scoring methods, chemical determination of lipids and minerals was performed. Selected sets of specimens, covering a wide range of severity of lesions, were used as standards for preliminary purposes before grading. Two graders investigated each specimen independently and reached final agreement on the score after discussion of discrepancies and reexamination of the specimens. Cerebral arteries obtained at autopsy in the Tokyo Medical Examiner's Office were stored in a deep freezer and transferred to the laboratory of Kyushu University for the macroscopic scoring. After scoring, the arterial tissues were again stored in a deep freezer until chemical determinations were performed. The results of chemical determinations will be reported subsequently. cerebral thrombosis and a higher percentage dying from coronary artery disease in this report when compared to the results of the other studies. A comparison of the age distribution of the study patients with the deaths of the general population in Japan reveals that the age of the autopsy patients in this study was considerably lower than that of the patients in the general population. The main cause of death, however, of the total 717 cases investigated, as well as the 423 cases evaluated by the method of Baker, 18 was not different when compared with the other studies (tables 2 and 3).
Results and Discussion
AGE
The severity of atherosclerosis of 717 Japanese cerebral arteries, evaluated as Gore's atherosclerotic index (AI), 14 was determined at each decade and sex as shown in table 4. The macroscopic severity of atherosclerosis of 423 cases, evaluated as Baker's score, was also shown in table 5. Gore's AI increased with age. This increase was most prominent in the fifth decade in males and in the sixth decade in females. The correlation coefficient (r) of Gore's AI with age with 0.40 in males and 0.52 in females (p<0.01). Cerebral atherosclerosis started in some cases as early as the second decade of life. The intensity and frequency increased with age. In females, the increase in scores (Baker's method) was slow up to the fifth decade compared to males, but was very steep after the sixth decade, becoming equal to those of males. The correlation coefficient (r) of scores (Baker's method) with age was 0.60 in males and 0.70 in females, both of which were statistically significant The correlation coefficient (r) of Gore's Al with age: male: r = 0.40 (N = 544); female: r = 0.52 ( N = 173). The correlation coefficient (r) of Baker's score with age: male: r = 0.60 (N = 333); female: r = 0.70 (N = 90).
SEX
The severity of cerebral atherosclerosis in females and males was compared within each age group (tables 4 and 5). Although the number of cases in each age group was too small to be significant, it would seem that the preponderance of lesions in males begins in the third decade and extends to the fifth ( p > 0 . 0 5 ) . The atherosclerotic index, evaluated by either Baker's or Gore's method, of females increased rather suddenly from the fifth decade to the sixth decade. This observation suggests that endocrine factors may influence the production of cerebral atherosclerosis, but further study is required.
COMPARISON BETWEEN JAPANESE AND OTHER RACES
The relative frequency and intensity of cerebral atherosclerosis, using Baker's method, were studied in the different age groups (table 6). The cerebral arteries of four out of eight cases in the second decade of life showed atherosclerotic changes. Above 60 years, all cases except one in the eighth decade showed significant macroscopic changes in cerebral arteries. The present results, showing the development of cerebral atherosclerosis as early as the second decade of life, the moderate and severe cerebral atherosclerosis in the fourth decade, a case of no atherosclerosis in the eighth decade, and 17% more than 80 years of age who had mild cerebral atherosclerosis, are against the simple senescence theory of cerebral atherosclerosis.
When comparing the present results shown in table 6 with the results on Norwegians or Americans, obtained by Baker et 4  31  51  32  28  18  13  2  0 179 a j is, is u s i n g a similar technique, cerebral atherosclerosis appears somewhat earlier and considerably more severe in our cases. Fewer Japanese are entirely free of atherosclerosis. An ethnic difference (involvement at a younger age) in the macroscopic severity of cerebral atherosclerosis between Japanese and Caucasians was demonstrated in the present study as well as in another study. 12 These findings were in contrast to the findings obtained by Solberg et al., 10 demonstrating that differences in cerebral atherosclerosis among location-racesex-age subgroups generally parallel differences in coronary and aortic atherosclerosis. As the severity of cerebral atherosclerosis in the present study was determined only for the Japanese and not for the other races, the geographic comparison of severity of cerebral atherosclerosis between the present results and the published series would be liable to introduce some errors. However, the prevalence and location of severe cerebral atherosclerosis appeared to be different between Japanese and Americans, as discussed later. The relationships between the macroscopic severity and the concentrations of lipids and minerals of these samples will be discussed in the next reports.
CEREBRAL ATHEROSCLEROSIS IN JAPANESE
EARLY MILD CEREBRAL ATHEROSCLEROSIS
In order to investigate the prevalence of early mild cerebral atherosclerosis among the large vessels around the circle of Willis, we selected 179 cases with mild cerebral atherosclerosis (Baker's score < 10) from 423 cases (table 6). The distribution of age and the severity of these cases are shown in table 7. Of the 179 cases, 142 (79% ) showed only 1+ lesion in all sites of cerebral arteries. The macroscopic lesion at each site was counted as one point in the 28 sites, ignoring the grade of lesions. The points, in 179 cases, for each anatomical site were added and the summed points are presented in figure 1 . The site with the greatest number means the most frequent site for early mild cerebral atherosclerosis. As shown in figure 1 , early mild cerebral atherosclerosis occurred most frequently in the following order: (1) proximal portion of middle cerebral artery, (2) intracranial internal carotid artery to the trifurcatdon, (3) the upper basilar artery at its bifurcation, (4) peripheral portion of middle cerebral artery, (5) the lower part of the basilar artery, vertebral arteries, anterior communicating arteries and the trifurcation of the internal carotid artery, and (6) the proximal portion of posterior and anterior cerebral arteries.
From these results, it appeared that the sites of bifurcation or fixation of the larger vessels and the internal carotid and middle cerebral arteries were the most frequent sites of early mild cerebral atherosclerosis.
SEVERE CEREBRAL ATHEROSCLEROSIS
Of the 423 cases, 58 cases (14%) showed the severe lesion of grade 4+, namely, a thick plaque involving the entire circumference with moderate or marked lumen narrowing or a localized thick plaque resulting in more than 50% lumen narrowing. These 58 cases were surveyed for evaluation of the prevalence of location of severe cerebral atherosclerosis. Figure 2 and table 8 show the frequency and location of severe cerebral atherosclerosis. The most common sites for severe atherosclerosis were in the order of: (1) the proximal portion of posterior cerebral, and the peripheral portion of the middle cerebral arteries, (2) vertebral arteries at their fusion site with the inferior part of the basilar, and (3) the anterior and proximal portion of the middle cerebral arteries. It was noted that the prevalent sites of advanced severe cerebral atherosclerotic changes differed from the common sites for early mild cerebral atherosclerosis. The intracranial internal carotid artery to the trifurcation of the middle cerebral was the common site for early mild development but not for advanced lesions in Japanese. This finding was contrary to the findings obtained by Baker et al. 16 on Americans and Norwegians, in which the internal carotid artery to the trifurcation of the middle cerebral artery was also one of the most common sites for severe lesions. Similar observations were also obtained in the comparative clinical and angiographical studies between Japanese and Americans. A recent comparative angiographical study on stroke patients between Americans and Japanese has established significant differences, not only of the location of occlusive disease but also of the severity of lesions. 8 In this study, the predominance of lesions in the vertebral system, particularly in the intracranial segment of this vessel, was noted in the Japanese. The authors also demonstrated 51 extracranial and 76 intracranial lesions causing stenosis in 75 Japanese stroke patients, and 66 extracranial and 34 intracranial lesions in 62 Minnesota patients. They stated further that severe stenosis and occlusion (50% to 100% stenosis) were by far more common in not only proximal but also peripheral portions of the anterior, middle and posterior cerebral arteries of the Japanese.
Thus, severe stenosis of the internal carotid artery, and probably of the proximal portion of the middle cerebral artery, appeared to be less common in Japanese than in Americans, and the common areas of involvement in the Japanese are the proximal portion of the posterior cerebral artery, the peripheral portion of the middle cerebral artery, and the origin of the vertebral and basilar arteries.
GORE'S ATHEROSCLEROTIC INDEX AND CAUSE OF DEATH
We selected the cases in the sixth decade of life as being the time in which there is a rapid increase in cerebral atherosclerosis. The values of Gore's atherosclerotic index were compared between the different causes of death. The SfroJte, Vol. 2, July-Augutt 1971 cases in which the cause of death is aortic aneurysm showed the highest Gore AI. Gore's AI of males in the fourth to eighth decade of life was compared between the groups of coronary death and others. The former had a higher AI value than the latter, but the difference was not statistically significant.
COMPARISON OF MIDDLE CEREBRAL ARTERIAL SYSTEM AND VERTEBRAL ARTERIAL SYSTEM (BAKER'S METHOD)
The cerebral arterial system was divided arbitrarily at the posterior communicating artery into the anteriormiddle cerebral arterial system (A-M) and the vertebral-basilar arterial system (V-B), in which both systems have the same number of scoring sites. Cases with congenital malformation in cerebral vessels were excluded. We reviewed a total of 364 out of 423 cases, and scores (Baker's method) were measured separately for each of the two arterial systems and calculated as A-M and V-B scores (Baker's method). There is a trend showing that the A-M scores (Baker's method) were slightly higher than the V-B scores (Baker's method) in both sexes of all age groups except the sixth decade of the females, but this difference was not significant statistically. The role of local hemodynamic stress in the prevalence and advancement of cerebral atherosclerosis will be reported in another article.
Summary
Studies of medicolegal autopsy material in Japan revealed that cerebral atherosclerosis appeared as early as the second decade and
